Abstract: River ice is an important branch of ice problems. However, the mechanical properties of the river ice are still unclear because of the large variation of ice problems. In the present study, over 160 specimens of river ice taken from Songhua River of China have been investigated using the MTS machine to measure the compressive strength and the elastic modules at various test temperature and strain rate. The test temperature is set at three different point (-10, -15, -20°C, respectively), the strain rate is set at the range from 5.0E-5/S to 1.0E-2/S. The test results show that the compressive strength of river ice is strongly depending on the temperature and strain rate. It increases with the decreasing test temperature. The compressive strength of ice firstly increases and then decreases with the increasing strain rate. There is one peak turning point of strain rate. The turning point value of strain rate is about 1.0E-3. The test results also show that the river ice has the typical dual mechanical characteristics of ductile and brittle behavior. When the strain rate is greater than 1E-3/S, the ice specimen exhibits obviously brittle behavior. When the strain rate is below 5.0E-4/S, the ice exhibits ductile behavior. The range of transition from ductile to brittle is about 5.0E-4/S~1E-3/S. Under compressive loading condition, the initial elastic modules of Songhua River ice are about 0.528~0.671 GPa. And the modules of River ice increases with the decreasing test temperature slightly.
INTRODUCTION
Rive ice problems can be discovered in the most countries and regions where are located at the northern hemisphere of the earth. The rivers are covered with thick ice layer in winter and the thickness of ice layer can be up to 1~2 m or more. When spring is coming and the weather gets warm, the ice layer will melt slowly and split into huge ice blocks. These huge ice blocks drift down in the river driven by wave and wind.
The drifting huge ice blocks are the great threaten to the safety of the structures (bridge pier, et al.,) in the water because they would conflict with the structures. Many documents have reported the case of structure damage even collapse which are conflicted by drifting huge ice blocks. The ice layer in the river also brings many other problems such as ice pressure load to the bridge structures in the rivers. Consequently, many attempts are being made to find efficient methods to reduce the interaction force between the ice and bridges, to design anti-ice structures and to understand the mechanism of action of the ice and structures.
In all of these studies, the mechanical properties of river ice are important and the knowledge of ice behavior under loading conditions is indispensable. In this study, an attempt has been made to measure the compressive strength and initial elastic modules of river ice taken from Songhua River which is the third largest river in China.
Since the ice properties are highly variable depending upon the material's environment, the mechanical behavior has large difference for various types' ice. A number of type's ice properties are discussed in passing. These include rives ice, sea ice, atmospheric ice, et al., Some documents (Gold, 1977) investigated the compressive strength of freshwater ice at various temperatures. The relationship between compressive strength and the test temperature was given out in their research. The lake ice's microstructure and the mechanical behavior were also studied (Daniel and Ian, 2007) . They pointed out that there is much variation for the ice in the different location in the same lake. The compressive strength of river ice was also investigated in the past (Yu and Yuan, 2008) . The flexure behavior of river ice affected by the oncoming wave was studied by François et al. (2009) .
In short, the mechanical behavior of ice have been studied widely, however, the variation of ice is great for different type and different location ice. The present study aims to the compressive strength and initial elastic modules of river ice taken from Songhua River of China. 
EXPERIMENTAL PROCEDURE AND TEST CONDITIONS
Ice blocks and specimens: The test ice was collected in the Songhua River nearby the Harbin City highway bridge which located at 126° 32' east longitude and 45° 45' north latitude approximately. In January, the thickness of the ice was up to 1.5 m. Using the chain saw to get the ice block, the atmosphere temperature of worksite was about -20°C. The good quality blocks were transported to laboratory and stored in a cold room at -10°C. Figure 1 shows the Songhua River ice blocks which was gotten out from the river. According to the IAHR guidelines for tests on freshwater ice, the compressive ice specimen should be use right cylindrical. The diameter of specimen is approximately between 7~10 cm and the ratio of length to width are about 3:1. However, the ice is very brittle; the strength is low and easily influenced by temperature. It can't be processed by machine but by handmade. Therefore, many researchers use the cubeshaped specimen to test the compressive strength. In the present work, the author use the cuboid shape 
Test frame:
The test frame Fig. 3 was used in this study is MTS 810 with a cold box which can keeps the temperature at the test requirement. One central computer controls the MTS loading rate and the temperature automatically. In this study, the author uses the displacement control method to control the loading rate. The computer records all the load and displacement data in the whole test automatically.
Temperature: As many document shows, the compressive strength of ice is relate to the ice temperature. To get the temperature dependence, three target temperatures are selected for this test: (1) -10°C, (2) -15°C and (3) -20°C. These target temperatures are set using the digital cooling box thermostat. Before test, the specimens are put in a digital freezer for enough times to have the heat conductor. When the temperature of specimens meets the test requirement the specimen are moved out and installed in MTS and begin to load.
Loading rate: According to many previous study results, the compressive strength of ice is strongly dependent on the strain rate. There is a range (about 10 -4 /s~10 -2 /s) of strain rate which the ice mechanical behavior transits from brittle to ductile. When the strain rate is low (less than 10 -4 /S), the ice exhibits ductile behavior. However when the strain rate is height, the ice exhibits brittle behavior.
Considering the speed of floating ice sheet conflicting with the ice apron, in this study the load was applied at the strain rate range between 5.0E-5/S to 1.0E-2/S.
TEST RESULTS AND DISCUSSION
Results of uniaxial compression tests: Table 1 shows the results of uniaxial compression tests of Songhua River ice tested at various temperatures. All the results data are plotted in Fig. 4 . As many researchers have reported and made clear in Fig. 4 , the strength results of ice are much more discrete. As shown in Table 1 , the maximal standard deviation is 1.01 MPa. But even that, the average of test results still give out how the strength is changing at different strain rate and test temperatures. That is, the strength of ice is depended on the temperature and strain rate as showing in Fig. 5 . Figure 5 shows that the compressive strength of Songhua River ice increases with the decreasing test temperature. The test temperature is lower, the strength is higher. This is agreed with the results reported by many researchers. Another conclusion can be draw that the strength of River ice increases firstly and then decreases with the increasing of strain rate. That is to say, there is one peak turning point for strain rate. From the present test, the turning point value of strain rate is about 1.0E-3. When the strain rate is less than 1.0E-3, the strength of ice increases with the increasing of strain rate, when the strain rate is greater than 1.0E-3, it decreases with the increasing of strain rate. From the present test, the maximum of compressive strength of Songhua Rive ice tested at -10, -15 and -20°C is 4.196, 4.78 and 5.089 MPa, respectively. Figure 6 shows the comparison of strength data from the present test with the results from previous studies. These previous work also used the fresh water ice as the test object (Jones, 1982; Hawkes and Mellor, 1972; Schulson and Canon, 1984; Yu and Yuan, 2008) . Obviously, there is some difference between the previous results with the present studies. As mentioned before, the strength of ice is much more discrete. Many factors will influence the test result such as the air content, ice density and load direction and the test specimen size. In spite of the differences between the data shown by other researchers and the present data, the trend of increasing strength with strain rate up to 1×10 -3 /S is evident in most of all the data. compress. At lower strain rate, the ice material is ductile. Its strain-stress relation curve has ascending and descending branches. At the initial loading stage, the ice began to crack but not collapse until a kind of percolation threshold is reached. Thus, the deformation can be very large and have the descending stage. However, when the strain rate is higher, the material exhibits brittle behavior. Under these conditions, its strain-stress relation curve only has ascending branch and failure occurs quickly. According to many documents, the turning point of strain rate is about 10 -4~1 0 -3 /S. Before the turning point, the ice exhibits ductile behavior. If strain rate greater than the turning point, the ice is brittle.
The similar conclusions are drawn in the present study for River ices. When the strain rate is below 5.0×10 -4 /S, the ice exhibits ductile behavior. The ice specimens began to crack at the initial loading stage, with the load increases, the numbers and the length of crack grows step by step. The test lasts long time and has no suddenly crush. When the strain rate is greater -3 /S, the ice specimen exhibits obviously brittle behavior. In this case, the test specimen splits off quickly through vertical direction, crushed and lost its load capacity. Figure 7 gives out the typical loaddisplacement curve under lower and higher strain rates, all of these are gotten from the present studies.
Modules of ice:
In the present research, the initial elastic compressive modules of river ice are also studied. Seeing Fig. 3 , the strain sheets are pasted on the surface of ice test specimen. Using the strain data acquisition system to record the ice strain change value during the loading. The loading step is 1 KN and the strain rate is 3×10 -4 /S, the test temperature is -10, -15, -20°C, respectively. The initial elastic modules of ice can be calculated by using the nominal stress divides the strain. The entire test is done in MTS. Table 2 shows the result of the initial elastic modules of Songhua River ice tested on the various temperatures. The value of modules is between 0.528~0.671 GPa. As the Fig. 8 made clearly, the Modules of river ice increases with the decreasing test temperature.
CONCLUSION
The compressive strength and the initial elastic modules of Songhua River ice are investigated comprehensively. More than 160 ice specimens have been tested on the MTS. The results can be summarized as the following:
• The compressive strength of river ice is strongly depending on the temperature and strain rate. It increases with the decreasing test temperature. However, the compressive strength of ice firstly increases and then decreases with the increasing strain rate. There is one peak turning point of strain rate. The turning point value of strain rate is about 1.0E-3/S. At the turning point, the compressive strength is maximum. To Songhua River ice, the compressive strength range is about 2.7~5.089 MPa.
• The test results show that the river ice has the typical dual mechanical characteristics of ductile and brittle behavior. When the strain rate is greater than 1E-3/S, the ice specimen exhibits obviously brittle behavior. When the strain rate is below 5.0E-4/S, the ice exhibits ductile behavior. The range of transition from ductile to brittle is about 5.0E-4/S~1E-3/S.
• Under compressive loading condition, the initial elastic module of Songhua River ice is about 0.528~0.671 GPa. And the modules of River ice increases with the decreasing test temperature slightly.
